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Abstract
Background: To identify spatiotemporal gait parameters and plantar pressure distribution during barefoot walking
in people with gout and people with asymptomatic hyperuricemia by comparing them to healthy individuals with
normal serum urate concentrations.
Methods: Eighty-seven participants were included: 24 with gout, 29 with asymptomatic hyperuricemia and 34 age-
and sex-matched normouricemic control participants. Spatiotemporal parameters of gait were assessed during level
barefoot walking using a GAITRite® walkway. Peak plantar pressure and pressure time integrals were recorded using
a TekScan MatScan®. Results were adjusted for age and body mass index.
Results: Compared to normouricemic control participants, participants with gout demonstrated increased step time
(P = 0.022) and stance time (P = 0.022), and reduced velocity (P = 0.050). Participants with gout also walked with
decreased peak pressure at the heel (P = 0.012) and hallux (P = 0.036) and increased peak pressure (P < 0.001) and
pressure time integrals (P = 0.005) at the midfoot. Compared to normouricemic control participants, participants
with asymptomatic hyperuricemia demonstrated increased support base (P = 0.002), double support time (P < 0.001)
and cadence (P = 0.028) and reduced swing time (P = 0.019) and single support time (P = 0.020) as well as increased
pressure at the midfoot (P = 0.013), first metatarsal (P = 0.015) and second metatarsal (P = 0.007).
Conclusion: During barefoot walking, people with gout walk slower with plantar pressure patterns suggestive of
apropulsive and antalgic gait strategies. Individuals with asymptomatic hyperuricemia also demonstrate altered
barefoot gait patterns when compared to normouricemic control participants. Clinicians may consider dynamic gait
outcomes when assessing and managing foot and lower limb related pain and disability in individuals with gout
and asymptomatic hyperuricemia.
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Background
People with gout experience flares of severe inflamma-
tory arthritis as a response to the presence of urate crys-
tals deposited in joints and soft tissues [1, 2]. Gout most
commonly affects peripheral structures of the foot and
ankle with a propensity for the first metatarsophalangeal
joint and Achilles tendon [3, 4]. Although elevated
serum urate (hyperuricemia) is required for the develop-
ment of gout, not all individuals with hyperuricemia de-
velop symptomatic acute gouty arthritis [5]. However,
advanced imaging studies have identified urate depos-
ition and joint damage in foot and ankle structures in in-
dividuals with asymptomatic hyperuricemia [6–10].
People with gout report chronic and persistent foot and
lower limb impairments, even in the absence of acute arth-
ritis [11–16]. Furthermore, foot-related disability has been
associated with altered gait parameters in people with gout
[16] and may be mirrored in their plantar pressure patterns
which have been proposed to reflect pain-avoidance strat-
egies [13]. Individuals with asymptomatic hyperuricemia,
who lack any current or previous symptoms of acute gouty
arthritis or clinical evidence of urate deposition, also report
disabling foot pain and experience lower limb impairments
and activity limitations compared to healthy individuals
with normal urate levels [14]. However, it is unknown
whether their gait and plantar pressure patterns also differ
from healthy normouricemic individuals.
Previous plantar pressure research in gout has been
undertaken with patients wearing their own footwear
[13]. Many people with tophaceous gout of the foot re-
port difficulty in wearing and finding footwear that is ap-
propriate to their level of pain, disability and deformity
[17–22]. Footwear worn by people with gout has been
shown to be poorly fitting with minimal cushioning and
motion control properties [23]. Furthermore, over half
of people with gout wear shoes with flexion points prox-
imal to the level of the metatarsal heads which can limit
gait efficiency by inhibiting normal first metatarsopha-
langeal joint function during propulsion [24] and hence
may exacerbate the problems of efficient toe-off ob-
served in people with gout during shod walking [13].
Considering the important influence of footwear on foot
function, assessment of plantar pressure without the
confounding effect of footwear is warranted.
This study aimed to identify spatiotemporal gait pa-
rameters and plantar pressure distribution during level
barefoot walking in people with gout and people with
asymptomatic hyperuricemia by comparing them to nor-
mouricemic control participants.
Methods
Participants
This investigation was a cross-sectional observational
study. Ethical approval for the study was obtained from
the Auckland University of Technology Ethical Commit-
tee (13/100) and Locality Assessment was obtained from
the Auckland District Health Board (ADHB) Research
Office (A + 5891). All participants provided written in-
formed consent prior to data collection.
Participants with gout were recruited from the ADHB
rheumatology clinic and met the 1977 preliminary
American Rheumatism Association (ARA) classification
criteria for gout [25]. Participants without gout were
recruited from the local community and were to have no
history of acute arthritis nor meet the ARA criteria. Par-
ticipants without gout underwent serum urate testing on
the day of the study using a Reflotron® Plus capillary test
and were stratified into either the asymptomatic hyper-
uricemia group (serum urate ≥0.41 mmol/L) or the nor-
mouricemic control group (serum urate <0.41 mmol/L,
6.8 mg/dL). The three diagnostic groups were age-and
sex-matched. Participants were excluded if they were
under 20 years of age; had a history of other inflamma-
tory arthritis; were experiencing an acute flare at the
time of the clinical visit; had foot and/or ankle surgery
in the previous 3 months; had lower limb amputation; or
were unable to walk 5 m unaided.
All data were collected during a single session at the
Auckland University of Technology Podiatry Clinic
(Auckland, New Zealand) by a single researcher (SS).
Demographic data were obtained from all participants
including age, gender, ethnicity, body mass index (BMI),
current medications and medical history. Peripheral sen-
sation was assessed using a 10 g Semmes-Weinstein
monofilament at the plantar hallux, first metatarsal head
and fifth metatarsal head. A loss of protective sensation
for each foot was defined if absent in at least two of the
three sites. Additionally, gout disease characteristics
were documented for participants with gout including
disease duration, flare history, presence of subcutaneous
tophi and tophus count.
Gait parameters
Spatial and temporal parameters of gait during level
barefoot walking were collected using the GAITRite sys-
tem (CIR Systems, Inc., New Jersey, US). The GAITRite
is a 700 cm × 90 cm electronic walkway with an active
sensor area of 610 cm long and 60 cm wide. The active
area contains 23,040 embedded pressure-activated sen-
sors with a spatial resolution of 1.27 cm and a sampling
rate of 120 Hz. All data was processed and stored by an
IBM compatible computer using GAITRite® gold, Ver-
sion 3.2b software. Participants were instructed to walk
at their own comfortable walking speed [26] from a
point 100 cm before the walkway and finishing 100 cm
past its end to ensure that when they reached the walk-
way they were walking at a normal speed and momen-
tum. Three trials of barefoot walking were recorded for
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each participant with adequate rest time between trials.
Prior to calculation of the gait parameters, the data was
reviewed on the monitor screen to ensure that right and
left footfalls had been correctly identified, and any
footfall not completely on the walkway at either end
was removed. For each trial the following temporal
and spatial parameters for right and left feet were
calculated: velocity (m/s), cadence (steps/min), step
length (cm), stride length (cm), support base (cm),
step time (s), swing time (s), stance time (s), and sin-
gle and double support time (s).
Plantar pressure
Dynamic plantar pressure measurements were captured
during level barefoot walking using the TekScan MatS-
can® system (Boston, MA, USA). The system consists of
a 5 mm thick platform (432 × 368 mm), comprising of
2288 resistive sensors (1.4 sensors/cm2) which sample
data at a frequency of 40 Hz. Data was collected using
the two-step gait initiation protocol [27] which required
the participant to step on the platform on their second
step. Prior to data acquisition participants were
instructed to familiarise themselves with the protocol
and line themselves up with the platform to ensure their
second step landed in the sensing area. Participants were
instructed to walk at their own natural comfortable
walking speed and to continue walking past the platform
for at least two more steps which ensured that a con-
stant velocity and momentum had been reached and
pressure data reflected their normal gait. Three trials
were recorded for each foot. The Research Foot® Version
6.61 was used to mask the foot into seven regions repre-
senting the heel, midfoot, first metatarsal, second meta-
tarsal, metatarsal three to five, the hallux, and the lesser
toes (Fig. 1). This masking method has demonstrated ex-
cellent reliability for the calculation of pressure parame-
ters (ICCs 0.96 to 0.99) [28]. Peak plantar pressure (kPa)
and pressure time integrals (kPa⋅s) were computed from
the software for each masked region.
Statistical analysis
All continuous outcomes were reviewed for normality
using the residuals from a linear model which included
relevant demographic covariates and the diagnostic
group as the independent variable. Mixed linear regres-
sion models were used which accounted for repeated
measures taken from right and left feet of each partici-
pant in which participant-specific and participant-nested
random effects for foot-side were added to the models.
This analysis produces results identical to an analysis of
measures averaged for each foot-side (if there are no
missing values) that allows for a between-foot-side cor-
relation as well as any reweighting required due to miss-
ing values. For the spatiotemporal gait parameters the
models also accounted for the time-based repeated-
measures using a scaled identity repeated covariance
structure which assumed the repeated-measures were in-
dependent and shared a common variance. For peak plan-
tar pressure and pressure time integrals, which were
measured at seven sites on the plantar foot (forming a
natural vector of related variables), in addition to the side-
and time-based repeated measures, a heterogeneous
Fig. 1 Masking of seven plantar regions
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compound symmetry covariance structure was employed
which allowed for separate variances for each site, as well
as different covariances (but equal correlations) between
each group of sites.
Adjustments for age group, ethnicity and BMI, which
were entered into each model simultaneously, were con-
sidered only if their level of observed significance
achieved at least 10 % on an F-test. These covariates
were not expected to behave as confounders due to the
frequency matching, but had the potential to decrease
residual variance as possible independent variables.
Potential covariates were also explored by reviewing box
plots of random effects by covariate group.
Two comparisons were considered: gout vs. normouri-
cemic control and asymptomatic hyperuricemic vs. nor-
mouricemic control, which were always tested separately.
All hypothesis tests (excluding covariate testing) were
carried out at a 5 % level of significance against two-sided
alternatives. No adjustment for multiplicity was used, but
all test-statistics (least-squares (L-S) means), their null
distributions and their observed significance levels were
reported. Data were analysed using IBM SPSS Statistics
version 20 and proc-mixed in SAS version 9.3.
Sample size
The study was powered to test hypotheses regarding
pre-planned analyses comparing normouricemic control
parameters with asymptomatic hyperuricemic and gout
parameters respectively. With respect to this analysis,
the target figures of 21 participants in the gout group,
29 in the asymptomatic hyperuricemia group and 34 in
the normouricemic control group are sufficient to detect
unadjusted effect sizes on continuous outcomes of 0.7
and 0.8 (moderate to large) between control and each
of the asymptomatic hyperuricemia and the gout
group, respectively. The achieved sample size im-
proved on these figures.
Results
Participant characteristics
A total of 87 participants were included: 24 with gout,
29 with asymptomatic hyperuricemia and 34 normouri-
cemic controls. Demographic and clinical characteristics
for the three groups are shown in Table 1. All partici-
pants were male with a mean (SD) age of 58 (15) years
and predominantly of European ethnicity (n = 68, 81 %).
The normouricemic control group had a significantly
lower mean BMI compared to the gout (P < 0.001) and
asymptomatic hyperuricemic (P < 0.001) groups. The nor-
mouricemic control group had a significantly lower preva-
lence of hypertension compared to the gout (P = 0.001)
and asymptomatic hyperuricemic (P = 0.023) groups and a
significantly lower prevalence of cardiovascular disease
compared to the gout group (P = 0.019). Disease charac-
teristics for the gout group are shown in Table 2. Partici-
pants with gout were found to have a mean (SD) disease
duration of 17 (11) years, with 71 % (n = 17) having
tophaceous gout and 96 % (n = 23) on urate lowering
therapy.
The distribution of residuals from the linear models
for all outcome measures demonstrated sufficient nor-
mality to carry out parametric testing. The effect of age
group and BMI as covariates were included in the final
models for all gait and plantar pressure parameters.
Table 3 displays the mean estimates and inferential sta-
tistics for the spatial and temporal gait parameters.
Table 1 Demographic and medical characteristics. Data are presented as mean (SD) unless otherwise specified
Variable Normouricemic control Gout Asymptomatic Hyperuricemia
N 34 24 29
Gender, male, n (%) 34 (100 %) 24 (100 %) 29 (100 %)
Age, years 58 (14) 58 (13) 58 (19)
Ethnicity, n (%) European 30 (88 %)
Māori 1 (3 %)
Pacific 0 (0 %)
Asian 3 (9 %)
European 14 (58 %)
Māori 1 (4 %)
Pacific 5 (21 %)
Asian 4 (17 %)
European 24 (83 %)
Māori 0 (0 %)
Pacific 3 (10 %)
Asian 2 (7 %)
BMI, kg/m2 25.0 (2.9) 30.2 (4.0)† 29.3 (5.9)†
Diuretic use, n (%) 4 (12 %) 3 (12 %) 7 (24 %)
Hypertension, n (%) 9 (26 %) 17 (70 %)† 16 (55 %)†
Cardiovascular disease, n (%) 1 (3 %) 7 (29 %)† 5 (17 %)
Diabetes, n (%) 2 (6 %) 4 (17 %) 1 (3 %)
Loss of protective sensation, n (%) Right 1 (3 %)
Left 1 (3 %)
Right 4 (17 %)
Left 6 (25 %)
Right 4 (14 %)
Left 4 (14 %)
Serum urate 0.32 (0.06) mmol/L
5.3 (1.0) mg/dL
0.35 (0.10) mmol/L
5.8 (1.7) mg/dL
0.46 (0.05) mmol/L†
7.6 (0.8) mg/dL
†Significantly different from normouricemic control group (p < 0.05)
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Compared to normouricemic control participants, par-
ticipants with gout had significantly increased step time
(P = 0.022), increased stance time (P = 0.022) and de-
creased velocity (P = 0.050). Compared to normourice-
mic control participants, participants with asymptomatic
hyperuricemia had significantly increased support base
(P = 0.002), reduced swing time (P = 0.019), decreased
single support time (P = 0.020), increased double support
time (P < 0.001) and increased cadence (P = 0.028).
Table 4 displays the mean estimates and inferential
statistics for peak plantar pressure. Compared to nor-
mouricemic control participants, participants with gout
had significantly reduced pressure at the heel (P = 0.012)
and hallux (P = 0.036) and increased pressure at the
Table 2 Gout disease characteristics. Data are presented as
mean (SD) unless otherwise specified
Variable Gout
Disease duration, years 17 (11)
Age of onset, years 41 (18)
Number of flares in preceding 3 months 1.3 (1.4)
Presence of subcutaneous tophi, n (%) 17 (71 %)
Foot tophus count 1.9 (3.5)
Total tophus count 6.1 (8.7)
Colchicine use, n (%) 13 (54 %)
Urate lowering therapy, n (%) 23 (96 %)
Table 3 Spatial and temporal gait parameters. Results are presented adjusted for age and BMI
Parameter Least-squares
mean
Diff. 95 % CI p
Lower Upper
Step Length (cm) Normouricemic control 0.61
Gout 0.57 0.03 −0.02 0.08 0.168
Asymptomatic hyperuricemia 0.61 0.00 −0.05 0.05 0.985
Stride Length (cm) Normouricemic control 1.21
Gout 1.14 0.07 −0.04 0.17 0.200
Asymptomatic hyperuricemia 1.20 0.02 −0.08 0.11 0.763
Support Base (cm) Normouricemic control 0.08
Gout 0.10 −0.02 −0.03 0.00 0.102
Asymptomatic hyperuricemia 0.11 −0.03 −0.05 −0.01 0.002
Step Time (s) Normouricemic control 0.60
Gout 0.64 −0.04 −0.07 −0.01 0.022
Asymptomatic hyperuricemia 0.57 0.03 0.00 0.06 0.081
Swing Time (s) Normouricemic control 0.46
Gout 0.47 −0.02 −0.04 0.00 0.104
Asymptomatic hyperuricemia 0.43 0.03 0.01 0.05 0.019
Stance Time (s) Normouricemic control 0.74
Gout 0.80 −0.06 −0.10 −0.01 0.022
Asymptomatic hyperuricemia 0.72 0.03 −0.02 0.07 0.266
Single Support Time (s) Normouricemic control 0.46
Gout 0.48 −0.02 −0.04 0.00 0.092
Asymptomatic hyperuricemia 0.43 0.03 0.00 0.05 0.020
Double Support Time (s) Normouricemic control 0.16
Gout 0.16 0.00 −0.04 0.04 0.857
Asymptomatic hyperuricemia 0.26 −0.10 −0.14 −0.06 <0.001
Velocity (m/s) Normouricemic control 1.03
Gout 0.91 0.11 0.00 0.23 0.050
Asymptomatic hyperuricemia 1.07 −0.05 −0.15 0.06 0.379
Cadence (steps/min) Normouricemic control 100.9
Gout 95.5 5.4 −0.7 11.5 0.080
Asymptomatic hyperuricemia 107.3 −6.5 −12.2 −0.7 0.028
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midfoot (P < 0.001). Compared to normouricemic control
participants, participants with asymptomatic hyperurice-
mia had significantly increased pressure at the midfoot (P
= 0.013), first metatarsal (P = 0.015) and second metatarsal
(P = 0.007). Examples of typical plantar pressure patterns
for normouricemic controls and people with asymptomatic
hyperuricemia and gout are presented in Fig. 2. Table 5 dis-
plays the mean estimates and inferential statistics for the
pressure time integrals. Compared to normouricemic con-
trol participants, participants with gout had significantly
increased pressure time integrals at the midfoot (P =
0.006), but no other differences were observed. No differ-
ences were observed for pressure time integrals between
the asymptomatic hyperuricemic participants and the nor-
mouricemic control participants (P > 0.05).
Discussion
Our study shows that people with gout and people with
asymptomatic hyperuricemia both demonstrate varia-
tions in gait parameters and plantar pressure distribution
during level barefoot walking when compared to nor-
mouricemic control participants.
During barefoot walking, people with gout walked
slower with increased time spent in step and stance phases
compared to the normouricemic control participants.
These findings are consistent with previous research
assessing people with gout during both shod and barefoot
walking [13, 16, 29]. Reduced gait speed is considered an
important characteristic of impaired physical performance
in daily activities in adults [30, 31] and has been associated
with self-reported foot-related functional limitation in
people with gout [16]. Functional gait limitations exhibited
by people with gout may result from several factors in-
cluding reduced lower limb muscle strength [15], loss of
normal joint function [14] and acquired gait strategies de-
veloped in an attempt to reduce or prevent pain [13, 16].
The increased midfoot and reduced hallux plantar pres-
sures observed in people with gout are also consistent
with previous research in which participants were assessed
during shod walking [13]. Previous studies have proposed
that reduced peak pressure beneath the hallux in people
with gout may reflect an attempt to offload pressure at the
first metatarsophalangeal joint due to pain [13]. This is
further emphasised in qualitative research in which people
with gout report attempting to walk more cautiously with
an adjusted foot position to relieve the big toe during
acute flares [32]. Additionally, inefficient first metatarso-
phalangeal joint function, previously observed in people
with gout [14], may further contribute to the apropulsive
gait strategies observed in the current study. In contrast
Table 4 Peak plantar pressure (kPa). Results are presented adjusted for age and BMI
Parameter Least-squares
mean
Diff. 95 % CI p
Lower Upper
Heel Normouricemic control 294.3
Gout 268.2 −26.1 −46.6 −5.6 0.012
Asymptomatic hyperuricemia 301.9 7.6 −12.4 27.5 0.456
Midfoot Normouricemic control 95.4
Gout 130.8 35.4 15.5 55.3 <0.001
Asymptomatic hyperuricemia 120.1 24.7 5.3 44.0 0.013
First Metatarsal Normouricemic control 211.5
Gout 229.6 18.2 −5.2 41.5 0.127
Asymptomatic hyperuricemia 239.7 28.3 5.6 50.9 0.015
Second Metatarsal Normouricemic control 292.6
Gout 287.1 −5.5 −26.9 15.8 0.611
Asymptomatic hyperuricemia 321.3 28.7 7.9 49.5 0.007
Third to Fifth Metatarsals Normouricemic control 252.3
Gout 244.1 −8.2 −29.6 13.2 0.454
Asymptomatic hyperuricemia 255.2 2.9 −17.9 23.7 0.785
Hallux Normouricemic control 233.3
Gout 208.4 −24.9 −48.1 −1.6 0.036
Asymptomatic hyperuricemia 241.9 8.6 −14.0 31.3 0.454
Lesser Toes Normouricemic control 105.9
Gout 121.8 15.9 −2.8 34.6 0.096
Asymptomatic hyperuricemia 107.2 1.4 −16.9 19.6 0.882
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Fig. 2 Examples of typical plantar pressure patterns from a control, asymptomatic hyperuricaemia and gout participant
Table 5 Pressure time integral (kPa⋅s). Results are presented adjusted for age and BMI
Parameter Least-squares
mean
Diff. 95 % CI p
Lower Upper
Heel Normouricemic control 61.50
Gout 54.68 −6.82 −13.75 0.12 0.054
Asymptomatic hyperuricemia 59.83 −1.67 −8.44 5.09 0.628
Midfoot Normouricemic control 23.48
Gout 32.66 9.18 2.60 15.76 0.006
Asymptomatic hyperuricemia 27.17 3.69 −2.72 10.10 0.260
First Metatarsal Normouricemic control 56.24
Gout 54.24 −2.00 −9.50 5.50 0.601
Asymptomatic hyperuricemia 60.25 4.01 −3.28 11.29 0.281
Second Metatarsal Normouricemic control 77.61
Gout 70.66 −6.95 −14.49 0.59 0.071
Asymptomatic hyperuricemia 82.15 4.54 −2.80 11.89 0.225
Third to Fifth Metatarsals Normouricemic control 66.61
Gout 61.00 −5.61 −12.90 1.68 0.132
Asymptomatic hyperuricemia 64.42 −2.18 −9.28 4.92 0.547
Hallux Normouricemic control 40.66
Gout 34.75 −5.91 −13.11 1.29 0.108
Asymptomatic hyperuricemia 41.74 1.08 −5.94 8.09 0.764
Lesser Toes Normouricemic control 21.92
Gout 23.19 1.28 −4.94 7.49 0.687
Asymptomatic hyperuricemia 20.48 −1.44 −7.50 4.62 0.642
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to previous research assessing people with gout during
shod walking [13], the current study also observed re-
duced heel pressures in participants with gout. This is
consistent with the slower walking speed and may reflect
an attempt to reduce impact at weight acceptance in the
absence of protective footwear.
When compared to normouricemic healthy control
participants, people with asymptomatic hyperuricemia
also exhibited altered gait parameters. They demon-
strated an increased base of support, spent more time in
double support, less time in single support and swing
phases and walked with increased cadence. An increased
base of support and double support duration are gener-
ally interpreted as adaptions made to produce a more
stable and safer gait in older adults who experience
mobility limitations [33–35]. The increased cadence also
observed in people with asymptomatic hyperuricemia
may reflect an attempt to maintain gait velocity while
retaining balance and stability. The findings from this
study may provide laboratory-based biomechanical sup-
port of patient-reported outcomes in which people with
asymptomatic hyperuricemia have reported reduced
lower limb function and increased activity limitation
compared to normouricemic control participants [14].
Participants with asymptomatic hyperuricemia also dif-
fered significantly from normouricemic control partici-
pants in terms of plantar pressure distribution in which
increased pressures in the midfoot and medial metatarsals
were observed. Increased midfoot pressures are character-
istic of flatter foot postures [36, 37] which have been
observed in people with asymptomatic hyperuricemia
[14]. This increase in fore- and mid-foot plantar pres-
sure is consistent with that observed in obese individ-
uals [38–40]. However, it should be noted that the analyses
in the current study were controlled for BMI. Furthermore,
obesity tends to also present with higher toe and heel pres-
sures [38, 40], which were not observed in the current
study, suggesting that other factors are driving functional
changes in people with asymptomatic hyperuricemia.
The findings from this study should be considered in
light of several limitations. Firstly, the participants with
gout were recruited from secondary care clinics and may
not be representative of those with less severe gout seen
in primary care. We did not match groups for BMI, and
BMI was higher in the participants with gout and
asymptomatic hyperuricemia, compared with the nor-
mouricemic control group. Importantly, BMI was in-
cluded in the analysis models. We cannot exclude the
possibility that BMI associated with hyperuricemia had
additional unmeasured impact on foot function. Also,
we did not exclude participants with diabetes or a loss of
peripheral sensation, which may have influenced plantar
pressure values in people with gout, reflecting the fre-
quent comorbid conditions observed in clinical practice.
This study highlights the need for future research to
provide insight into the dynamic function of the foot,
which may assist in the development of interventions for
pressure-related foot complaints in people with gout.
The relationship between lower limb function during
gait and specific locations of joint involvement in gout
may also contribute to knowledge in this field of re-
search. An understanding of the impact of comorbid
conditions in people with asymptomatic hyperuricemia
on functional limitation may also be of interest. The
efficacy of non-pharmacological interventions, in com-
bination with pharmacological treatment, aimed at im-
proving lower limb function and patient-reported pain
and disability in individuals with gout and asymptomatic
hyperuricemia also warrants further investigation.
Conclusions
In summary, the findings from this study provide novel
information regarding plantar pressure distribution dur-
ing barefoot walking in individuals with gout. The find-
ings are consistent with previous biomechanical research
in gout in which patients walk slower with increased
midfoot and decreased hallux peak pressures which are
suggestive of apropulsive and antalgic gait strategies.
This is the first study to assess gait and plantar pressure
characteristics in individuals with asymptomatic hyper-
uricemia. The results have shown that even in the ab-
sence of symptomatic gout, people with hyperuricemia
exhibit altered gait strategies and plantar loading which
may reflect their previously reported high levels of lower
limb impairment and disability.
Ethics, consent and permissions
Ethical approval was obtained for this study and all
participants provided written informed consent.
Abbreviation
BMI: body mass index.
Competing interests
ND has received consulting fees, speaker fees or grants from the following
companies: Takeda, Menarini, Teijin, Pfizer, Crealta, Cymabay, Fonterra, Ardea
Biosciences and AstraZeneca, outside the submitted work. The other authors
declare no competing interests.
Authors’ contributions
SS participated in the conception and design of the study, undertook data
acquisition and participated in analysis and interpretation of the data. ND
participated in the conception and design of the study and interpretation of
the data. AV participated in the conception and design of the study and the
analysis and interpretation of the data. KR participated in the conception and
design of the study and interpretation of the data. All authors were involved
in drafting and revising of the manuscript and read and approved the final
version to be published.
Acknowledgements
The authors thank Janet Pearson for assisting with the statistical analyses.
Funding
Arthritis New Zealand.
Stewart et al. Journal of Foot and Ankle Research  (2016) 9:15 Page 8 of 9
Author details
1Department of Podiatry, Health & Rehabilitation Research Institute, Auckland
University of Technology, Private Bag 92006, Auckland 1142, New Zealand.
2Faculty of Medical and Health Sciences, The University of Auckland, Private
Bag 92019, Auckland 1142, New Zealand. 3Department of Rheumatology,
Auckland District Health Board, P.O. Box 92189, Auckland, New Zealand.
4Department of Biostatistics & Epidemiology, Faculty of Health and
Environmental Sciences, Auckland University of Technology, Private Bag
92006, Auckland 1142, New Zealand. 5Health Intelligence & Informatics, Ko
Awatea, Counties Manukau Health, Private Bag 93311, Auckland 1640, New
Zealand.
Received: 1 March 2016 Accepted: 26 April 2016
References
1. Schiltz C, Lioté F, Prudhommeaux F, Meunier A, Champy R, Callebert J, et al.
Monosodium urate monohydrate crystal-induced inflammation in vivo:
quantitative histomorphometric analysis of cellular events. Arthritis Rheum.
2002;46:1643–50.
2. Martinon F, Petrilli V, Mayor A, Tardivel A, Tschopp J. Gout-associated uric
acid crystals activate the NALP3 inflammasome. Nature. 2006;440:237–41.
3. Grahame R, Scott JT. Clinical survey of 354 patients with gout. Ann Rheum
Dis. 1970;29:461–8.
4. Dalbeth N, Kalluru R, Aati O, Horne A, Doyle AJ, McQueen FM. Tendon
involvement in the feet of patients with gout: a dual-energy CT study.
Ann Rheum Dis. 2013;72:1545–8.
5. Campion EW, Glynn RJ, DeLabry LO. Asymptomatic hyperuricemia. Risks and
consequences in the Normative Aging Study. Am J Med. 1987;82:421–46.
6. De Miguel E, Puig JG, Castillo C, Peiteado D, Torres RJ, Martín-Mola E.
Diagnosis of gout in patients with asymptomatic hyperuricaemia: a pilot
ultrasound study. Ann Rheum Dis. 2012;71:157–8.
7. Pineda C, Amezcua-Guerra LM, Solano C, Rodriguez-Henríquez P,
Hernández-Díaz C, Vargas A, et al. Joint and tendon subclinical involvement
suggestive of gouty arthritis in asymptomatic hyperuricemia: an ultrasound
controlled study. Arthritis Res Ther. 2011;13:R4.
8. Puig JG, de Miguel E, Castillo MC, Rocha AL, Martínez MA, Torres RJ.
Asymptomatic hyperuricemia: impact of ultrasonography. Nucleosides
Nucleotides Nucleic Acids. 2008;27:592–5.
9. Dalbeth N, House ME, Aati O, Tan P, Franklin C, Horne A, et al. Urate crystal
deposition in asymptomatic hyperuricaemia and symptomatic gout: a dual
energy CT study. Ann Rheum Dis. 2015;74:908–11.
10. Sun Y, Ma L, Zhou Y, Chen H, Ding Y, Zhou J, et al. Features of urate
deposition in patients with gouty arthritis of the foot using dual-energy
computed tomography. Int J Rheum Dis. 2015;18:560–7.
11. Anagnostopoulos I, Zinzaras E, Alexiou I, Papathanasiou AA, Davas E,
Koutroumpas A, et al. The prevalence of rheumatic diseases in central
Greece: a population survey. BMC Musculoskelet Disord. 2010;11:98–106.
12. Rome K, Frecklington M, McNair P, Gow P, Dalbeth N. Foot pain,
impairment, and disability in patients with acute gout flares: A prospective
observational study. Arthritis Care Res. 2012;64:384–8.
13. Rome K, Survepalli D, Sanders A, Lobo M, McQueen FM, McNair P, et al.
Functional and biomechanical characteristics of foot disease in chronic
gout: a case–control study. Clin Biomech (Bristol, Avon). 2011;26:90–4.
14. Stewart S, Dalbeth N, Vandal AC, Rome K. Characteristics of the first
metatarsophalangeal joint in gout and asymptomatic hyperuricaemia: a
cross-sectional observational study. J Foot Ankle Res. 2015;8:41–9.
15. Stewart S, Mawston G, Davidtz L, Dalbeth N, Vandal AC, Carroll M, et al.
Foot and ankle muscle strength in people with gout: a two-arm cross-
sectional study. Clin Biomech (Bristol, Avon) 2015; ahead of print.
16. Stewart S, Morpeth T, Dalbeth N, Vandal AC, Carroll M, Davidtz L, et al. Foot-
related pain and disability and spatiotemporal parameters of gait during
self-selected and fast walking speeds in people with gout: a two-arm cross
sectional study. Gait Posture. 2015;44:18–22.
17. Balasubramaniam P, Silva JF. Tophectomy and bone-grafting for extensive
tophi of the feet. J Bone Joint Surg Am. 1971;53:133–6.
18. Wunschel M, Wulker N, Walter C. Surgical treatment of a young patient with
bilaterally destroyed first metatarsophalangeal joints suffering from gout.
J Am Podiatr Med Assoc. 2012;102:334–7.
19. Naas JE, Sanders LJ. Chronic tophaceous gout in a patient with a history of
allopurinol toxicity. Cutis. 1998;62:239–41.
20. Diaz-Torne C, Pou MA, Castellvi I, Corominas H, Taylor WJ. Concerns of patients
with gout are incompletely captured by OMERACT-endorsed domains of
measurement for chronic gout studies. J Clin Rheumatol. 2014;20:138–40.
21. Singh JA. The impact of gout on patient’s lives: a study of African-American
and Caucasian men and women with gout. Arthritis Res Ther. 2014;16:R132.
22. Martini N, Bryant L, Karu LT, Aho L, Chan R, Miao J, et al. Living with gout in
New Zealand: An exploratory sudy into people’s knowledge about the
disease and its treatment. J Clin Rheumatol. 2012;18:125–30.
23. Rome K, Frecklington M, McNair P, Gow P, Dalbeth N. Footwear
characteristics and factors influencing footwear choice in patients with
gout. Arthritis Care Res. 2011;63:1599–604.
24. Barton CJ, Bonanno D, Menz HB. Development and evaluation of a tool for
the assessment of footwear characteristics. J Foot Ankle Res. 2009;2:10–22.
25. Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yü TF. Preliminary
criteria for the classification of the acute arthritis of primary gout. Arthritis
Rheum. 1977;20:895–900.
26. Bohannon RW. Comfortable and maximum walking speed of adults aged
20–79 years: reference values and determinants. Age Ageing. 1997;26:15–9.
27. Bryant A, Singer K, Tinley P. Comparison of the reliability of plantar pressure
measurements using the two-step and midgait methods of data collection.
Foot Ankle Int. 1999;20:646–50.
28. Zammit GV, Menz HB, Munteanu SE. Reliability of the TekScan MatScan (R)
system for the measurement of plantar forces and pressures during
barefoot level walking in healthy adults. J Foot Ankle Res. 2010;3:11–20.
29. Burke BT, Kottgen A, Law A, Windham BG, Segev D, Baer AN, et al. Physical
function, hyperuricemia and gout in older adults enrolled in the atherosclerosis
risk in communities cohort study. Arthritis Care Res. 2015;67:1730–8.
30. Ferrucci L, Baldasseroni S, Bandinelli S, de Alfieri W, Cartei A, Calvani D, et al.
Disease severity and health-related quality of life across different chronic
conditions. J Am Geriatr Soc. 2000;48:1490–5.
31. Studenski S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, et al.
Physical performance measures in the clinical setting. J Am Geriatr Soc.
2003;51:314–22.
32. ten Klooster PM, Vonkeman HE, Voshaar MA, Bode C, van de Laar MA.
Experiences of gout-related disability from the patient’ perspective: a mixed
methods study. Clin Rheumatol. 2014;33:1145–54.
33. Ferrandez AM, Pailhous J, Durup M. Slowness in elderly gait. Exp Aging Res.
1990;16:79–89.
34. Shkuratova N, Morris ME, Huxham F. Effects of age on balance control
during walking. Arch Phys Med Rehabil. 2004;85:582–8.
35. Peel NM, Kuys SS, Klein K. Gait speed as a measure in geriatric assessment
in clinical settings: a systematic review. J Gerontol A Biol Sci Med Sci. 2013;
68:39–6.
36. Menz HB, Morris ME. Clinical determinants of plantar forces and pressures
during walking in older people. Gait Posture. 2006;24:229–36.
37. Teyhen DS, Goffar SL, Stoltenberg BE, Eckard TG, Doyle PM, Boland DM,
et al. Static foot posture associated with dynamic plantar pressure
parameters. J Orthop Sports Phys Ther. 2011;41:100–7.
38. Hills AP, Hennig EM, McDonal M, Bar-Or O. Plantar pressure difference
between obese and non-obese adults: a biomechanical analysis. Int J Obes
Relat Metab Disord. 2001;25:1674–9.
39. Birtane M, Tuna H. The evaluation of plantar pressure distribution in obese
and non-obese adults. Clin Biomech. 2004;19:1055–9.
40. Butterworth PA, Urguhart DM, Landorf KB, Wluka AE, Cicuttini FM, Menz HB.
Foot posture, range of motion and plantar pressure characteristics in obsese
and non-obese individuals. Gait Posture. 2015;41:465–9.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Stewart et al. Journal of Foot and Ankle Research  (2016) 9:15 Page 9 of 9
